Three cryptic plasmids have been discovered in Acinetobacter calcoaceticus BD413. These three plasmids, designated pWM10 (7.4 kb), pWMll (2.4 kb), and pWM12 (2.2 kb), exhibited extensive homology to one another, as shown by Southern blot hybridization and restriction site analysis data, and also hybridized with three plasmids having slightly different sizes detected in a second strain, A. calcoaceticus BD4. Plasmid pWM11 and a fragment of pWM10 were each subcloned into pUC19, yielding plasmids pWM4 and pWM6, respectively, and were used in a series of inter-and intraspecies transformation experiments. Both plasmids replicated as high-copy-number plasmids in A. calcoaceticus BD413, as well as in strains of Escherichia coli. However, when transformed into the oil-degrading strain Acinetobacter lwoffli RAG-1, both plasmids were maintained at low copy numbers. No modification of the plasmids was detected after repeated transfers between hosts. An analysis of a series of deletions demonstrated that (i) a 185-bp fragment of pWMll was sufficient to permit replication of the shuttle plasmid in A. calcoaceticus BD413, (ii) the efficiency of transformation of A. cakoaeticus BD413 decreased according to the size of the deletion in the insert by up to 4 orders of magnitude, and (iii) the entire insert was required for transformation and replication in A. lwoffli RAG-1. The sequence of pWMil contained several small (150-to 300-bp) open reading frames, none of which exhibited any homology to known DNA or protein sequences. In addition, a number of inverted and direct repeats, as well as six copies of the consensus sequence AAAAAAATA previously described for a cryptic plasmid from A. iwoffli (M. Hunger, R. Schmucker, V. Kishan, and W. Hillen, Gene 87:45-51, 1990), were detected. Cloning and expression of the alcohol dehydrogenase regulon from A. Iwoffli RAG-1 were accomplished by using the Acinetobacter shuttle plasmid.
Members of the genus Acinetobacter are ubiquitous in nature, and these organisms are able to utilize a wide variety of carbon sources (41) . Certain Acinetobacter species are well known for their clinical importance as opportunistic pathogens (16, 28, 42) , while others have been considered to be of applied interest and potential industrial importance (11) . One hydrocarbon-degrading species, Acinetobacter Iwoffli RAG-1 (32) , produces an amphipathic, polyanionic extracellular bioemulsifier, called emulsan, which stabilizes oil-in-water emulsions. Emulsan has been produced by fermentation at industrial levels, and the growth physiology of A. Iwoffli RAG-1 has been extensively investigated (11) .
Genetic studies of RAG-1 have been hampered by the lack of suitable systems for recombination and complementation in this organism. In contrast, Acinetobacter calcoaceticus BD4 and its miniencapsulated mutant A. calcoaceticus BD413 are naturally competent for transformation and provide a powerful tool for the identification and genetic analysis of other Acinetobacter systems (17, 18, 38, 39) . Two alternative approaches to molecular analysis of A. Iwoffii RAG-1 are (i) the cloning and expression of relevant genes fromA. Iwoffii RAG-1 in Escherichia coli (12) and (ii) the use of A. calcoaceticus BD4 and its minicapsular mutant A. calcoaceticus BD413 as recipients in transformation experiments by using putative homologous sequences from A.
Iwoffii RAG-1 cloned into E. coli plasmids (which cannot replicate in Acinetobacter strains) to generate mutations by homologous recombination (la, 11, 23) . While the latter approach can in principle be used to generate partial diploids in complementation analyses (23) , it is not likely to be a simple procedure.
In this paper we describe the development of a shuttle plasmid which can be used for inter-and intraspecies transformations and gene expression in E. coli and Acinetobacter strains. The use of this plasmid in combination with electroporation for introduction of DNA should permit the development of a genetic system in the oil-degrading organism A. iwoffli RAG-1.
MATERIALS AND METHODS
Bacterial strains and culture conditions. Two strains of A. calcoaceticus, the heavily encapsulated strain A. calcoaceticus BD4 and the minicapsular, tryptophan auxotroph A. calcoaceticus BD413 (18) , were obtained from E. Juni. A. iwofflii was obtained from our laboratory collection. Mutants of A. iwoffii RAG-1 deficient for growth on 2808 MINAS AND GUTNICK derived from E. coli MM294 by introducing pRET-1, a plasmid that conferred growth on ethanol (12) .
Acinetobacter strains were grown in liquid cultures either in minimal salt medium containing (per liter) 18.34 g of K2HPO4. 3H20 (Merck), 6 g of KH2PO4 (BDH), 0.2 g of MgSO4. 7H20, and 4 g of (NH4)2SO4 (Merck) and supplemented with 2% (vol/vol) ethanol as the sole source of carbon or in Luria broth (LB) (32) . The minimal medium used for A. calcoaceticus BD413 and its derivates was supplemented with 50 pug of tryptophan per ml. E. coli strains were grown in minimal salt medium supplemented with 0.5% glucose and 1 pug of vitamin Bi per ml or in LB. Acinetobacter strains were grown at 30°C, while E. coli strains were incubated at 37°C. Sodium acetate (2%, vol/vol) triacetin (5 mM) (31) , and hexadecane (1% [vol/vol] in liquid cultures or a vapor from a filter containing 0.1 ml of hexadecane that was placed in the lid of a petri dish) were used as alternative carbon sources. Unless indicated otherwise, the concentrations of antibiotics used were 50 pug/ml for ampicillin and kanamycin and 12.5 pug/ml for tetracycline.
Plasmids. Plasmids pUC19 (Bethesda Research Laboratories), pUC4-k (Pharmacia), and pBluescriptM13-KS (Stratagene) were used for cloning, subcloning, and sequencing of Acinetobacter DNA. Plasmid pRET-1 (30) was obtained from R. Petter (Department of Biophysics, Weizmann Institute of Science, Rehovoth, Israel); it consisted of a 5.6-kb insert fromA. lwoffii DNA cloned into the tet resistance gene of pBR322.
Zymogram analysis of ADH. Alcohol dehydrogenase (ADH) activity was determined in crude cell extracts from cultures grown in the presence of ethanol by using a method similar to the one described by Singer and Finnerty (36) . Cells from overnight cultures (50 ml) of Acinetobacter strains grown either in minimal salts medium supplemented with ethanol or in LB supplemented with ethanol and of E. coli strains grown in minimal salts medium supplemented with ethanol, vitamin B1, and either LB or glycerol (0.2%, vol/vol) were harvested by centrifugation and washed once in 10 mM Tris buffer (pH 7.8), and each resulting pellet was resuspended in a solution containing 1 ml of 10 mM Tris (pH 7.8) and 2 ml of lysis solution (6 mg of lysozyme per ml, 0.1 ml of 6% Triton X-100 per ml, and 6 Bradford (3) , and bovine serum albumin as the standard.
Transformation of E. coli and Acinetobacter strains. E. coli strains were transformed by standard procedures (6, 24) . Competent cells were stored at -70°C. The naturally competent strain A. calcoaceticus BD413 (17) was transformed by using the protocol described by Singer and coworkers (37 Hopwood et al. (14) . This procedure yielded high-molecular-weight genomic DNA (length, >30 kb).
Plasmid DNA isolation. Several methods were used to isolate plasmid DNA form E. coli or Acinetobacter strains. The boiling method (13) was used for rapid screening of recombinant plasmids. If DNA of higher purity was required, a modified alkaline lysis method was used (2, 24 (8) .
Nucleotide sequence accession number. The GenBank accession number for the DNA sequence of plasmid pWM11 is L08076.
RESULTS
Detection of cryptic plasmids in A. calcoaceticus BD413. In a series of experiments to be described elsewhere, specific mutations in A. calcoaceticus BD413 were generated by transformation with genomic libraries prepared from other Acinetobacter strains. These libraries were constructed in E. Exhaustive digestion of this extrachromosomal DNA with different restriction enzymes yielded a pattern of fragments in which some of the bands of undigested DNA disappeared, while others remained unaltered. An analysis of the restriction endonuclease profiles indicated that A. calcoaceticus WM34 contained three plasmids, which were designated pWM10 (7.4 kb), pWMll (2.4 kb), and pWM12 (2.2 kb).
A. calcoaceticus WM34 contained enough extrachromosomal DNA in standard plasmid preparations that it could be seen in ethidium bromide-stained gels. Corresponding extrachromosomal DNA bands from A. calcoaceticus BD4 and BD413 were subsequently detected only in undigested total DNA preparations. In agreement with previous results (33) of the plasmids (data not shown) and ligated into pUC19. Two recombinant plasmids were chosen for further analysis. Plasmid pWM4 was the result of the ligation of SmaIdigested pUC19 and an EcoRV digest of the plasmids. EcoRV cleaved the 2.4-kb plasmid pWMll as well as the 7.4-kb plasmid pWM10 once. As determined by the size of pWM4, plasmid pWM11 was ligated into pUC19. Plasmid pWM6 was obtained after digestion of pWM10 with HindlIl (cleaved twice) and ligation of the 3.9-kb fragment into pUC19 digested with the same enzyme. Restriction maps for some 20 restriction endonucleases for both recombinant plasmids were determined (Fig. 1) . Of interest was the finding that a 2.1-kb internal fragment of the insert of pWM6, extending from the EcoRV site to the ClaI site, had restriction sites identical to those of the insert of pWM4 (Fig. 1 Acinetobacter strains. Three Sall sites were detected in pWM4; two of these were localized to the inserted DNA from pWM11, while the third site was in the polylinker of pUC19 (Fig. 3) . By using Sall, different deletions of the cloned fragment were generated. After partial digestion and self-ligation three plasmids were isolated: pWM41 lacking the 0.6-kb SalI fragment, pWM42 lacking the 1. orders of magnitude compared with the original plasmid, pWM4. Furthermore, only pWM4 was effective in transforming A. iwoffli RAG-1 (using electroporation) (see below). When the 0. ampicillin, a modification of pWM4 was introduced for subsequent transformation experiments in this strain. The kanamycin resistance gene, isolated from plasmid pUC4-K, was inserted into the ScaI site of the bla gene of pWM4. The resulting plasmid, pWM5, was 6.5 kb long (Fig. 1) . Transformation with intact pWM5 and transformation with derivatives of pWM5 containing the corresponding deletions were similar in all respects to the transformation described in Fig.  3 pRET-1 into pWM4. A ClaI fragment of pRET-1 was isolated which contained the tetracycline promoter from which ADH activity is transcribed in pRET-1 together with 4.5 kb of the 5.2-kb insert encoding ADH activity. This ClaI fragment of pRET-1 was subcloned into pWM4 by using either the AccI site (pWM402) or the ClaI site (pWM412) (Fig. 5) . The ClaI site is located in the pWMll portion of the shuttle plasmid, whereas the AccI site is located in the polylinker of pUC19 present in pWM4. Following transformation of E. coli MM294, the cells were spread on plates containing ampicillin and ethanol as the sole source of carbon and energy. After 5 days, ethanol-positive transformants were identified, and plasmids prepared from colonies were isolated from both ligation preparations. In both cases, the insert encoding the ADH coding region was cloned in the same orientation into pWM4 (Fig. 5) . According to the zymogram data shown in Fig. 5 , the same ADH activity was detected in all samples, even though the subcloned fragment was approximately 700 bp smaller than the original insert in pRET-1. As described previously for pRET-1 (11), three bands of NADP+-dependent ADH activity were detected (Fig. 5) , the slowest of which can also utilize NAD+. All ADH activities associated with the subclones migrated with the same electrophoretic mobility under nondenaturing conditions as E. coli RET-1 activities. Band 1 appeared to be more active in E. coli RET-1 than in the strains containing the shuttle plasmid, while the strains carrying the shuttle plasmids exhibited elevated activities associated with band 2. Band 3 and the NAD+-dependent activities were similar in extracts from all of the strains.
In order to examine whether the subcloned ADH genes were expressed in Acinetobacter strains, two mutants of A. iwoffii RAG-1, A. iwoffii WAl and YB (both allyl alcoholresistant strains unable to grow on ethanol), were transformed with either pWM402 or pWM412. About 2 x 103 ethanol-positive, ampicillin-resistant transformants per ,ug of DNA were obtained. DISCUSSION Most natural Acinetobacter isolates appear to contain plasmids which are either cryptic or encode resistance to antibiotics or heavy metals (41) . In addition, a variety of metabolic and degradative plasmids have also been described. Rusansky et al. (33) described an Acinetobacter isolate, A. iwoffii RA57, which contained three plasmids, one of which appeared to be required for growth and emulsification of crude oil in liquid culture. The plasmid in this case was apparently required for mediating the interaction of the organism at the oil-water interface.
This study is the first report in which plasmids in A. calcoaceticus BD4 and BD413 are described. These strains have proven to be very important in the study of Acinetobacter genetics, primarily because of their capacity for highly efficient transformation by DNA from any Acinetobacter strain (40) .
Our findings appear at first glance to be in conflict with the generally accepted notion that A. calcoaceticus BD413 is a plasmid-free strain (35) . However, it should be noted that only one transformant of A. calcoaceticus BD413, A. calcoaceticus WM34, yielded sufficient extrachromosomal DNA in standard plasmid preparations to be detected by ethidium bromide staining on agarose gels. In all other cases, the plasmids were detected only in total DNA preparations, which generally yielded higher amounts of both chromosomal and plasmid DNAs and which permitted the detection of nanogram quantities of DNA in Southern blot experiments. The plasmid profiles of A. calcoaceticus WM34 and BD413 were identical, indicating that strain WM34 did not carry new extrachromosomal elements. While the plasmid profiles of A. calcoaceticus BD413 and WM34 were identical, the migration of A. calcoaceticus BD4 plasmids was slightly different. However, Southern hybridization in which the A. calcoaceticus BD413 plasmids were used as probes revealed a high level of DNA homology.
The question remains as to how A. calcoaceticus WM34, a transformant of A. calcoaceticus BD413, permits the replication of its plasmids to a higher copy number than A. calcoaceticus BD413 itself. One explanation consistent with these results is that A. calcoaceticus WM34 is a mutant in which the negative control of plasmid copy number has been relieved. The initial transformation might have resulted in the disruption of a gene coding for a product(s) which exerts negative control on replication (5) . A second question which arises is how the apparent copy number of the shuttle plasmid in A. calcoaceticus BD413 is higher than the copy number of the cryptic plasmids. This might have resulted from the efficient fusion of a high-copy-number plasmid (pUC) with a fragment of Acinetobacter plasmid DNA necessary for maintenance. This is consistent with the (Fig. 4) , were also observed. It is not clear whether translation of any of the plasmid sequences is necessary for maximal replication in the Acinetobacter strains. It was of interest in this regard that deleting fragments from the pWMll portion of pWM4 reduced the efficiency of transformation of A. calcoaceticus BD413 in proportion to the size of the deletion. The minimal coding region of a plasmid whose autonomous replication was dependent on a Rep-like protein was found to be about 1 kb long (9) . Nevertheless, a 185-bp cloned fragment was sufficient to allow replication of the shuttle plasmid in A. calcoaceticus BD413. A different cryptic plasmid has been reported in a different strain of A. iwoffii (15) . In this case there also appeared to be no requirement for expression of a plasmid-mediated function in order to obtain plasmid maintenance and replication. Hunger et al. (15) identified the 9-bp motif AAAAAATAT, which was found to be repeated 11 times in a 1.35-kb sequence and 8 times in a 360-bp sequence and which Hunger et al. considered to be an origin of replication. Although we found this motif repeated six times in the sequence of pWM11, it was not present in the 185-bp fragment. Several hypotheses could explain the function of this insert. The 185-bp fragment contained a 30-bp region at one end which could form three different stem and loop structures, while another palindromic sequence was found at the opposite end. This fragment could encode an RNA transcript which might be required for initiation of replication, as has been shown for ColEl replicons (27) . In addition, effects of RNA secondary structure have been described for such replicons (25) 
